Already the second most populated city in the world, Mexico City will enter the twenty-first century with nearly 5 million more inhabitants than it had in 1991. This kind of growth comes at a high price. Environmental pollution is one of the city's leading public health problems, and this is greatly exacerbated by rapid urban growth and continued use of inappropriate production and control technology. Exposure to lead is a major concern. Even at low blood levels, potential adverse health effects have been observed. Several epidemiologic studies have reported blood lead levels and risk factors for the population of Mexico City (1-7). However, information is scarce about the concentration of lead in the environment and the contribution of various sources to total lead exposure in the population of Mexico City. This knowledge gap must be closed so that adequate control measures to decrease lead exposure in the general population can be applied. Because sources of lead exposure may vary widely according to the area of residence and also by age (given that children have different habits from adults), we conducted a cross-sectional study to determine the contribution of various environmental media to the blood lead levels in women of reproductive age (15-48 years) and their children younger than 5 years of age. In this report, we address the impact of environmental lead exposure on children's blood lead levels.
Methods
Study population. The population studied was composed of women of reproductive age (15-48 years) and their children younger than 5 years of age. The subjects livied in the southern part of Mexico City (Tlalpan) or in a more northern area (Xalostoc). These two areas were selected because we expected the major sources of lead exposure to differ: Tlalpan is mostly a residential area, and Xalostoc is located within the industrial part of Mexico City.
In each area, a random sample of 250 households was selected. All houses were visited to obtain a sample size of 100 pairs (mother-child). Selected women were invited to participate in the study, which included the completion of a questionnaire, environmental sampling of their household, and collection of blood samples from each woman and her child. Participants were informed of the study objectives and asked to sign an informed consent form. Composite soil samples were obtained from various places close to each participant's house (yard, front door, children's play area, place where rain water drains from the roof). These samples were obtained from superficial soil, using a spoon that was cleaned between collection of each sample. Five subsamples were taken in each area. All were collected in plastic containers with hermetic lids.
We used two techniques to collect interior dust samples. 1) Dust was collected from carpeting and furniture with a personal monitoring pump (2.5 1/min) connected to a two-piece air monitoring cassette with a 0.8-pg cellulose ester filter (37 min). Several samples (30 cm2 each) were obtained. All personal monitoring pumps were calibrated on a daily basis before field work. 2) Samples were obtained from floors and window sills using moist wipes (KMart "Little Ones"). The sample area was wiped three times in an "S" pattern, while trying to achieve 100% coverage over a sur-Articles -Environmental lead exposure in Mexico City face of at least 30 cm2. Each wipe was placed in a 100-ml plastic tube with a hermetic lid. Sampling was conducted in the living room, the kitchen, the children's room, and the parents' room. A similar technique was used to sample the dirt on the children's hands. Street dust was collected using a small broom over an area of 1 m2 and sealed in a plastic container with hermetic lid.
We tested for lead in paint using a XK-3 (Princeton Gamma Tech, Princeton Statistical analysis. The statistical analyses included environmental data collected in 200 households (100 in the southwest part of the city and 100 in the northeast part of the city) and the blood lead levels of children living in these households. In many households, we obtained several samples of soil, dust, and paint from various areas of the house. The lead contents of specific samples were averaged, and the median was used in the analyses. We analyzed the data first using environmental samples with detectable levels of lead and second including samples below the detection limit, assuming a value of 0.5 of the detection limit for these samples. Results were similar using both methods. In the results we present only those including samples with complete information. To combine the two types of lead paint measurements (XRF and wet chemistry), we used the ordinal scale proposed by Rabinowitz et al (9) . A score of 0 corresponded to <0.5% lead by wet chemistry or <0.4 mg/cm2 by XRF. Similarly, a score of 1 corresponded to 0.5-1.5% lead by wet chemistry or 0.5-1.5 mg/cm2, and so on to a score of 10, which was assigned to any value equal to or greater than 10% or 10
To analyze the impact of lead-glazed ceramics on the children's blood lead levels, we created a new variable that combined the questionnaire response on the use of lead-glazed ceramics to prepare or store children's food and the measurements of lead leached from the ceramic ware obtained from the participating households. When the mother reported not using lead-glazed ceramics to prepare her child's food, the value assigned to the variable was 0. Otherwise we assigned the value of lead leached by the ceramic ware from the corresponding household.
To determine the correlation between atmospheric lead and other environmental variables, we used the lead content of particulates on the sampling date of each specific household. Since measurements of atmospheric lead were performed only every 6 days, the value was assigned for the date of the air sampling, 2 days before, and 3 days after the monitoring day. To determine the correlation between children's blood lead and atmospheric lead, we averaged monitoring data over the 3 months before blood sampling, thus establishing a better estimate of children's exposure.
To determine the socioeconomic level of the participants, we used an adaptation of the socioeconomic index developed by Bronfman et al. (10) . This index has been widely used in Mexico and has been proven to discriminate social strata very well. Because the distribution of blood lead levels was skewed, we used the log-transformed value of blood lead levels in all analyses. To determine the relation of blood lead levels and environmental measurements, we used correlation coefficients and linear regression analysis accounting for potential confounding variables (11) . Chi-square value due to linear regression was used for the significance of the linear trend. All analyses were performed using SAS software (Cary, North Carolina) (12).
Results
The average blood level among the 200 children participating in the study was 9.9 ,ug/dl (SD 5.8 pg/dl; range 1-31 pg/dl). dThe Mexican norm has been established at <75 ppm for 1994 and <25 ppm for 1996. ePaint score is the combination of X-ray fluorescence and wet chemistry. 24-hr average. (15) .
Over the study period, the mean atmospheric lead level did not exceed 1.5 pg/m3. However, some extreme values were observed, with a maximum of 2.41 pg/m3 (24-hr average). Over the study period, atmospheric lead levels were significantly higher in Xalostoc then in Tlalpan (p = 0.001).
The lead levels in indoor dust on bare (not carpeted) floor, carpeted floor, furniture, and window sills were positively correlated (Table 3 ). Soil and street dust were also positively correlated. Atmospheric air lead levels were correlated with furniture and window sill dust lead and street dust lead. There was a positive correlation between the amount of lead collected on children's hands and atmospheric lead, as well as indoor dust lead collected on floors and window sills. The highest correlation was observed with the lead content of window sill dust samples (r = 0.21, p = 0.07) ( Table 3) . Residential soil and street dust lead contents were also positively correlated with the lead content of dirt on children's hands.
We observed a positive correlation between children's blood lead levels and the lead content of glazed ceramic ware used to prepare food (Table 4 ; r = 0.24, p = 0.002). None of the other environmental lead measurements were significantly correlated to the children's blood lead levels. Atmospheric lead was only marginally related to blood lead levels (r = 0.11, p = 0.14). However, we observed a significant correlation between the lead content of the dirt on children's hands and their blood lead levels (r= 0.19, p = 0.025).
We then determined the major predictors of children's blood lead levels. Age was significantly related to children's blood lead levels, but socioeconomic level and housing location were not. Blood lead levels tended to increase with the intensity of the traffic close to the children's homes and the amount of atmospheric lead measured over the 3 months before blood sampling. Children who ate food prepared in leadglazed ceramic had significantly higher blood lead than their counterparts. Finally, blood lead levels increased with the lead content of dirt from children's hands.
When we included these variables in a multivariate model, the only variables that Volume 103, Number 11, November 1995 * Environmental Health Perspectivesremained significant were the lead content of the ceramic ware used to prepare food, the intensity of traffic (traffic score) close to children's home, the amount of atmospheric lead measured over the 3 months before blood sampling, and the lead content of dirt from children's hands (Table  5) . Our model explained 18 .8% of the variability of the children's blood lead (Table 5) . When we stratified the data by age groups, we noted that among younger children (25 months or younger), the major predictors of blood lead levels were the intensity of the traffic close to the house (F = 3.85, p = 0.06), and the lead content of dirt from children's hands (F = 2.58, p = 0.1 1). Among children older than 25 months, the major predictors were the use of lead-glazed ceramic cookware to prepare the child's food (F = 5.76, p = 0.02), the vehicular traffic close to the household (F = 5.49, p = 0.02), and the lead content of dirt from hands dirt (F = 4.76, p = 0.03).
Discussion
This is the first large cross-sectional study to evaluate the lead content ofvarious environmental samples in Mexico City. Environmental lead levels were low, except for the lead content leached from glazed ceramic ware. We found that lead levels in such cookware greatly exceeded the Mexican norm for the lead content of ceramic ware (14) . Children's blood lead levels were similar in the two areas of the study but were slightly higher among children living in Xalostoc, an industrialized area, in each age group. We also observed that the lead content of environmental samples was higher in Xalostoc, especially for soil, window sill, and air. The major predictors of blood lead levels were the use of lead-glazed ceramic to prepare or store the child's food, lead from motor vehicular emissions, and the lead content of dirt from children's hands.
These results confirm that the use of lead-glazed ceramic is a major source of lead exposure (even among young children), and that airborne lead, mainly from motor vehicular traffic, also plays an important role as a determinant of children's blood lead levels.
Compared with results from studies conducted in the United States (9,16-18), we did not observe high lead levels in residential paint, and there was no association between blood lead levels and paint lead scores. The main source of indoor lead seemed to be related to atmospheric lead levels. Leaded fuel is still used in Mexico, and lead accumulates indoors, especially on window sills, which are not cleaned as frequently as floors. The lead content of the street dust samples was higher than in the other environmental dust samples. These levels were not correlated with the children's blood lead, probably because children of the age groups included in the study were more likely to stay at home.
We observed a positive correlation between lead in dirt from hands and blood lead levels. Lead levels in hand dirt were correlated with indoor dust lead content (floor and window sill); therefore, lead levels in hand dirt could be considered as a proxy for lead exposure from household dust. Among younger children (25 months or younger), hand dirt was an important predictor of blood lead levels. This is not surprising, since younger children are more likely to have pica habits and to crawl on the floor. Street traffic density near the house, as well as the three-month average atmospheric lead levels before blood sampling, were related to blood lead levels. These two factors emphasize the importance of the lead emitted in the atmosphere, by both mobile and fixed sources, to children's lead exposure.
In accordance with other studies conducted in Mexico, we observed that the use of lead-glazed ceramic to prepare and store food (3-6) was a major determinant of children's blood lead levels. In this study, however, we quantified the relation between the amount of lead leached from the ceramic ware and the blood lead levels of children and confirmed the importance of this source of lead exposure among children.
We were not able to measure the lead content of other potential sources of lead exposure, such as children's toys. As recently as 1994, it was reported that, in Mexico, the paint used to cover some toys and school equipment has a high lead content (5) . Certainly, this could have contributed to the blood lead levels in the population studied. A recently established standard regulates the use of leaded paint for children's toys; however, until industry compliance is ensured and until items manufactured before the standard are phased out, studies to assess and monitor blood lead levels will be essential to the public's health.
All environmental samples in this study were obtained following a standardized protocol, and our technicians were trained by a senior scientist from Georgia Technical Institute. We believe that the lead levels observed in this study are accurate and that environmental indoor lead levels in households of Mexico City are, on average, low. Households were selected at random after census of the two study areas; therefore, our findings can be inferred to the general population of these areas, except for households located close to fixed sources of lead exposure (such as battery recycling shops).
We believe that our results are of great public health relevance. Using the quantitative assessment of the lead content of environmental media that we have provided, it is possible to reduce blood lead levels among children by focusing on the major sources of exposure. Environmental lead in Mexico City could be controlled by adeEnvironmental Health Perspectives * Volume 103, Number 11, November 1995 Articles -Romieu et al.
quate public health programs to reinforce the use of unleaded gasoline and to implement the production and use of unleaded cookware. An important element of these programs is an informed population. Parents who know the potential sources of lead exposure can and likely will act to decrease exposure by regularly washing younger children's hands, teaching older children to wash their hands often, and avoiding the use of lead-glazed ceramic ware to prepare or store food.
